Abstract-We report the Photonic Crystal (PhC) nanowires performance for potential phototodetectors integration application. The refractive index of PhC can be tailored to guide specific resonance wavelength precisely. This paper presents the numerical approach of 1D PhC with 12 periodic holes to observe the range of stop band acquired, transmission and the quality factor of the resonance wavelengths. By splitting the holes equally with a range of cavities from 440 to 450 nm, the stop band observed are between 1.5 to 2.1 µm. By varying the cavity length, the value of resonance wavelengths and quality factors observed have also changed. The introduction of 442 nm cavity shows the highest transmission but the lowest Quality factor (Q-factor) where both are observed at 0.87 and 284 respectively. The values indicate a good confinement of light in the waveguide designed thus enabling wavelength selectivity for photodetectors application in highly sensitive wavelength selection application.
INTRODUCTION
Modern electronics relies heavily on the logic processing capability in microprocessors. According to the Moore's prediction, the number of transistors in a dense integrated circuit doubles every 2 years [1] . However, due to the limitation and impracticality of reducing the microprocessors footprint [2] [3] [4] [5] , researchers are now looking at another aspect of data processing methods. This leads to the introduction and work of light interaction processing technique (photonics technology) that is only limited by the velocity of light (3x10 8 ms -1 ) and to the discovery of 2D materials at nanoscale. Both have been proved to contribute to a good processing speed for the microprocessors [6] [7] [8] [9] . The light interaction will need a highly sensitive mechanism to communicate from within the microprocessor. One way is to replace the electrical interconnects with optical interconnects [9] [10] [11] [12] [13] [14] [15] [16] .
Optical fiber can be used to guide a light from one place to another. The principle lies in guiding the light in a medium structure and by violating the refractive index, it will be trapped and guided based on the total internal reflection principle. By utilizing the same principle, Photonic Crystal (PhC) waveguide has been seen as a promising structure in guiding the light in nanoscale as the periodic structure can be designed to have a specific refractive index that can be utilized for waveguide purposes [17] .
Graphene has come to the attention of many researchers since it first isolation in 2004 by Novoselov et al. [18] . Due to its phenomenal properties in modern electronic and optical applications such as transistors, supercapacitors, biosensors and photodetectors [19] [20] [21] , a lot of modification on the materials itself has been done to improve the performance according to the specific requirement. Some researchers still believe in the pristine single layer graphene hence the improvement of the device fabricated goes to the external current generation mechanism. Fig. 1 shows a photodetectors that will be utilizing the PhC structure as a waveguide with the graphene layer on top of the waveguide to convert the absorbed photons into electrical current. With a PhC nanowires buried underneath, the light will be less reflected thus improving the device's responsivity. In this paper PhC has been studied and simulated via numerical approach and the results show that the resonance wavelength can governed in a nanoscale manner which is suitable to be integrated with other nanoscale material as detectors such as graphene. The Photonic wire has been designed with a width W of 500 nm, length L of 7 µm and 260 nm thick Silicon guiding layerwhich consists of 12 periodic holes with a, 320 nm. Fig. 2 shows the splitting of 6 periodic holes (mirror) with a cavity in between for light confinement at 1.5 µm wavelength region. The light source will be a continuous wave (CW) white light and the light will be injected into the nanowire. The nanowire will then be measured by positioning the sensor at the other end of the device for the transmission performance.
Quality factor (Q-factor) is another important aspect in measuring the performance of the waveguide. The Q-factor can be best described by the formula given
Where f 0 is the central frequency of the resonance and ∆f is full wavelength half maximum (FWHM) of the desired resonance frequency. This proposed structure was simulated using FDTD approach. Fig. 3 . Light isolation region for 1D PhC with 12 periodic mirrors with constant a: 320 nm in the absence of cavity c Fig. 3 shows the stop-band or the forbidden area obtained based on the device structures shown in Fig. 2 -but without the cavity. The result shows that the stop-band are situated between approximately the wavelengths of 1.5 µm to 2.1 µm. In electronic devices, a band-gap is the forbidden area where the electron can be stopped by having a large energy gap in between valence band and conduction band while in photonics, the photonic band-gap is the region where the selected light is not going to be transmitted or will be stopped from passing. This can be done by having a periodic mirror at certain hole radius. The resonance wavelength of 1.573 µm with a transmission of approximately 0.44 is observed when a cavity of 450 nm was introduced as shown in Fig. 4 . The Q-factor for the respective transmission obtained is calculated to be 629. By reducing the cavity lengths, the shift of the resonance wavelength are observed as shown in Fig. 5 . The transmission values can be clearly seen that they are not proportional with the cavity length changes and has a parabolic behavior as shown by Fig. 6 . This also happened to the Q-factor performance and it can be deduced from Fig. 6 that Q-factor is inversely proportional with the transmission and the low Q-factor obtained is due to the mode mismatch at the interface of unstructured nanowire region to the PhC region. The best transmission value is at 442 nm with transmission of 0.87 while the lowest transmission value obtained is when the cavity length at 450 nm. The loss happened to appear at the longer cavity length due to the mode mismatch and this bring to a leaky confinement in the device [22] [23] [24] .
III. RESULTS AND DISCUSSION

IV. CONCLUSION
The device designed can be tailored to the specific frequency filtration by having an array of holes arranged in a 1D PhC arrangement with a cavity introduced. With only a pair of mirrors and a single cavity in between the mirror, the resonance frequency at 1.5 µm can be governed. The optimization of the resonance frequency can be varied by simply varying the cavity length. To date, high quality factor can be achieved by manipulating the cavity and by applying a taper at both inside and outside of the periodic mirrors. From the photodetectors perspectives, the wavelength selectivity is important and necessary to reduce errors in light detection hence with a high transmission value at specific resonance wavelength, the responsivity of the photodetectors will be increased. This is due to the less light being scattered in comparison with the top exposed light photodetectors. Our future work will be utilizing the PhC nanowires structure as a light waveguide and integrated with a layer of graphene as the detection material. With a nanoscale variation in the smaller footprint device, replacing the electrical interconnect in electronic devices with the designed optical nanowires is achievable.
